This study was performed to define the in-hospital and late clinical outcome at 5 years in 430 patients who had a failed elective percutaneous transluminal coronary angioplasty (PTCA) and underwent coronary artery bypass graft (CABG) surgery during their hospitalization. This group comprised 5.9% of 7,246 patients undergoing elective PTCA. CABG surgery was performed in 346 patients with ongoing myocardial ischemia (80.5%) and in 84 patients without ischemia (19.5%). Their mean age was 56±9 years, and 76.3% were male. One-vessel disease was present in 72.3%, and the mean left ventricular ejection fraction was 59±11%. Overall, 1.9 ±0.9 bypass grafts were placed. There was increased use of the internal thoracic artery in the nonischemic group. A new nonfatal postprocedural Q wave myocardial infarction occurred in 21.2% and occurred more frequently in the ischemic (25.4%) than in the nonischemic (3.6%)
group (p<0.0001). There were six in-hospital deaths (1.4%), an incidence that did not differ between the two groups. Follow-up was 99.8% complete. There were 25 deaths (93.2±1.5%, 5-year survival), including 16 of cardiac cause (95.3±1.3%, 5-year cardiac survival). Q wave myocardial infarction occurred in 111 patients (91 in-hospital), and freedom from cardiac death or nonfatal myocardial infarction at 5 years was 71±3%. In the group going to CABG surgery with ongoing ischemia, the 5-year cardiac survival was 94.9±1.6%, and in the group without ischemia, the corresponding survival was 96.2±2.2%. By multivariate analysis, the presence of preoperative myocardial ischemia, pre-PTCA diameter stenosis less than 90%o, and the presence of multiple-vessel disease correlated with the occurrence of cardiac death or nonfatal myocardial infarction at 5 years. At this large-volume center with extensive PTCA operator and surgical experience, the excellent survival and low event rates over 5 years support the concept that despite the failed elective PTCA procedure, there was little effect on long-term survival provided the patient underwent prompt successful surgical revascularization. (Circulation 1990 ;82:1203-1213) Percutaneous transluminal coronary angioplasty (PTCA) has provided an opportunity for nonsurgical coronary revascularization.12 A successful PTCA procedure has been shown to improve anginal and functional status and is associated with long-term benefit in selected patients. [3] [4] [5] [6] An unsuccessful or failed PTCA usually is managed with immediate coronary artery bypass graft (CABG) surgery.
Failure of PTCA resulting in CABG surgery, performed either emergently or electively, has been noted since the initial report of the procedure. In the first 50 patients of Gruentzig et al,2 34% had CABG See p 1519 surgery within 1 month of their hospitalization, and in 14%, it was performed as an emergency procedure. Even after the full development of PTCA, various centers performing elective procedures have reported emergency operation rates of 2.7-13.5% and elective operation rates of 2.5-22%. [7] [8] [9] [10] [11] [12] [13] [14] Mortality rates of 0-13.3% have been reported in these series, and these vary with patient selection, extent of vessel disease, and degree of myocardial ischemia while en route to surgery.
This study was undertaken to determine the inhospital mortality and morbidity and late clinical outcome at 5 years in a large series of patients at a high-volume center who had a failed elective PTCA necessitating CABG surgery.
Methods

Patient Population
From June, 1980, through December, 1986, 7,246 patients had elective PTCA performed at Emory University and Crawford W. Long hospitals. Included in this analysis were patients who had the procedure performed electively for stable or unstable angina pectoris or after stabilization following thrombolytic therapy. Those who had the procedure performed in the setting of an acute myocardial infarction or after cardiopulmonary resuscitation for cardiac arrest were not included in this study population. Of the 7,246 patients, 430 (5.9%) had CABG surgery performed during the course of their hospitalization. This population forms the basis of the study.
Definitions
The grade of angina pectoris at the time of hospital admission was recorded as previously defined. 15 Unstable angina pectoris was defined as a change in the frequency, intensity, or pattern of precipitating events of chest discomfort within the 60 days preceding the PTCA attempt. Concentric lesions were present if the stenosis was symmetrically positioned in the vessel; eccentric stenoses were present if the lesion had rough borders when viewed in any angiographic view. One-vessel disease was present if there was greater than or equal to 50% diameter luminal narrowing in either the left anterior descending, left circumflex, or right coronary vessels or a major branch or branches; multiple-vessel disease was defined as the presence of 50% or greater diameter luminal narrowing in more than one of these major epicardial vessels. Left ventricular systolic function was determined from the pre-PTCA angiogram. A normal ejection fraction was defined as more than 50%, mildly abnormal as 40-49%, and moderately to severely abnormal as less than 39%. CABG surgery with myocardial ischemia was defined as surgery performed on the same day as the failed PTCA or on a subsequent day with any of the following markers of myocardial ischemia being present: unstable angina pectoris, prolonged chest pain consistent with ischemia, ST segment elevation or depression consistent with ischemic electrocardiographic changes, or hemodynamic instability. CABG surgery without ischemia was defined as surgery performed on a subsequent day but during the same hospitalization as the failed elective PTCA without symptoms or signs of myocardial ischemia. The number of bypass grafts was expressed as the number of distal anastomotic sites. Inotropic medication refers to the use of such medications to wean the patient from cardiopulmonary bypass in the operating room. Length of hospitalization was defined as the time occurring from the day of surgery to the day of hospital discharge. A neurological event was defined as the appearance of a new neurological deficit, either transient or permanent. A wound infection was defined as an infection involving the sternal incision. A postprocedural Q wave myocardial infarction was defined by the development of new electrocardiographic Q waves on the discharge electrocardiogram (ECG).
Data Collection and Angiographic Characteristics
Baseline demographic, clinical, angiographic, and procedural data including complications were recorded prospectively on standardized forms by physicians and entered into a computerized data base. The pre-and post-PTCA angiograms were measured with digital electronic calipers (Sandhill Scientific Inc., Littleton, Colo.) by experienced angiographers other than the primary operator. The narrowing of each coronary artery lesion was expressed as the percent diameter narrowing of the abnormal segment compared with the normal adjacent arterial regions. The diameter stenosis recorded was the mean value determined in two near orthogonal views. Lesion eccentricity was recorded.
Revascularization Procedures
All PTCA procedures were performed by five operators-authors (J.S.D., S.B.K., D.C.M., and H.A.L. and Andreas R. Gruentzig) using a standard technique that has been described previously. 16 All patients received 325 mg aspirin and, frequently, a calcium channel-blocking agent (10 mg nifedipine three times a day or 30-60 mg diltiazem four times a day) orally before the PTCA procedure unless a prior history of an adverse reaction or hypersensitivity was present. Before attempted balloon dilatation, 5-10 mg diazepam, 0.6-1.0 mg atropine, and 5,000-10,000 units heparin were given intravenously. Surgical backup was provided through ready access to the surgical facilities and through the availability of personnel support, including the surgeon and anesthesiologist. Operating rooms were made available on the basis of the next available of five surgical suites. If a surgical suite were unavailable, then PTCA procedures were transiently placed on hold until facilities and personnel became available.
CABG surgery after a failed PTCA was performed when the PTCA failed to achieve angiographic success (<50% diameter residual stenosis) at one or more of the sites attempted and surgical revascularization was deemed necessary, or when acute closure of the dilated segment could not be corrected and there was hemodynamic compromise or ischemia of a significant area of myocardium. The cardiac anesthesia and surgical techniques performed in patients Patient Follow-up Follow-up information was obtained by telephone interviews of the patients or their referring physicians. The trained interviewers were aware only of the patient's failed PTCA procedure and subsequent CABG surgery and were uninformed as to the procedural details or hospitalization course. Follow-up information included occurrence of myocardial infarction since initial failed PTCA, subsequent need for an additional revascularization procedure (PTCA or CABG surgery), or death (cardiac or noncardiac). Myocardial infarction (definite or probable) was based on a report from the patient on telephone follow-up. All follow-up information was recorded on standardized forms and entered into the computerized data base. Follow-up was 99.8% complete and 100% complete for procedural details including complications.
Statistics
Differences in categorical variables were analyzed by x2 or Fisher's exact tests, and differences in continuous variables were analyzed by Student's t tests. Univariate analysis was performed to determine the clinical, angiographic, and procedural correlates of in-hospital and late cardiac death, and the combined outcome of cardiac death or nonfatal myocardial infarction. Stepwise logistic regression analysis was performed on those variables that were significant (p .0.1) univariate correlates associated with in-hospital outcome. Overall survival and eventfree survival analysis was performed using the Kaplan-Meier method,19 and probability was expressed as mean+SEE. Overall survival and event-free survival analyses were performed on the total population, patients with and without myocardial ischemia before CABG surgery, patients with one-or multiple-vessel disease, patients receiving an internal thoracic artery bypass, those receiving saphenous vein bypasses only, patients who had a nonfatal postprocedural Q wave myocardial infarction, those who did not, and those with ejection fractions more than and less than 50%. End points analyzed included 1) total survival and cardiac survival, 2) survival without cardiac death or myocardial infarction, 3) survival without cardiac death, myocardial infarction, or need for repeat CABG surgery, and 4) survival without cardiac death, myocardial infarction, or need for repeat CABG surgery or repeat PTCA. Comparisons of total and event-free survival were made using the Mantel-Cox method. 20 Cox model analysis21 was used to correlate clinical, angiographic, and procedural data with the occurrence of 1) cardiac death and 2) the combined end point of cardiac death or nonfatal myocardial infarction for long-term outcome. All statistical analyses were performed with BMDP statistical software.
Results
The PTCA experience began at Emory University Hospitals in 1980. During the 61/2-year period from 1980 through 1986, elective PTCA was performed in 7,246 patients. In 430 patients (5.9%), CABG surgery was performed during the same hospitalization as the failed PTCA attempt (Table 1) . CABG surgery was performed on the day of the PTCA and/or in the setting of myocardial ischemia in 346 patients (including 34 with CABG surgery on the day of PTCA, without pain or ECG changes) and on a subsequent day without myocardial ischemia in 84 patients. The ischemic status and degree of vessel patency were analyzed for 346 patients referred for CABG surgery with "myocardial ischemia." There were 63 patients (18%) referred with documented total vessel closure. One of these complete occlusions occurred after the patient left the cardiac catheterization laboratory. There were 249 patients who were sent to the operating room with ischemia and chest pain and/or ECG changes but without documented total occlusion. Seven of these 249 patients developed ischemia after leaving the catheterization laboratory. The referral rate to CABG surgery during the experience declined after 1980. In 1980, 34% of the patients underwent CABG, and this rate fell to 12% (p<0.001) in 1981. Between 1982 and 1986, the rate did not vary significantly, with a range of 4.4-6.2%. Demographic and angiographic characteristics for the total population and for the subgroups that had CABG surgery with and without ischemia are displayed in Table 1 . The ischemic patients tended to be younger than the nonischemic patients. There were no differences between the two groups in gender, angina grade, prior CABG surgery, distribution or severity of coronary arterial disease, lesion eccentricity, or pre-PTCA left ventricular ejection fraction.
Procedural characteristics of the PTCA and CABG surgery are presented in Table 2 . The periprocedural use of an intra-aortic balloon pump was entirely confined to the group having CABG surgery with ongoing myocardial ischemia. The mean number of coronary artery bypass grafts was 1.9±0.9 in the total population, and 61.6% received more than one graft. This characteristic was not statistically different between the two groups. There was increased use of the internal thoracic artery as a bypass conduit in the nonischemic group -35.7% versus 21.7% in the ischemic cohort. Inotropic medication administered to wean the patient from cardiopulmonary bypass was more frequently required in the ischemic group. Table 3 depicts the in-hospital mortality and morbidity for the entire population. The mean length of hospital stay was significantly longer in the ischemic group, and a higher proportion of the ischemic group was noted to stay longer than 9 days. A nonfatal postprocedural Q wave myocardial infarction occurred in 25.4% of the ischemic group but only 3.6% of the nonischemic group. There were six in-hospital deaths (1.4%) in the total population, five (1.4%) in the ischemic group, and one (1.2%) in the nonischemic group.
The variables analyzed as potential correlates of an in-hospital death or nonfatal Q wave myocardial infarction are listed in Table 4 . Three of these variables were univariate correlates of in-hospital mortality ( Table 5 ). Of the patients who had a postprocedural Q wave myocardial infarction, 5.5% died, compared with 0.3% of patients without a postprocedural Q wave myocardial infarction. In women, 3.9% died compared with 0.6% in men. Of one-vessel disease patients, 0.6% died compared with 3.4% of multiple-vessel disease patients.
The variables listed in Table 4 also were analyzed as potential correlates of the combined in-hospital Multiple-vessel disease and pre-PTCA diameter stenosis less than 90% also were univariate and multivariate correlates of these events.
Late Results
Survival at 5 years for the entire population was 93.2±1.5%. There were 25 deaths, of which six occurred in-hospital. Of the 19 deaths occurring in the follow-up period, nine were of noncardiac etiology. Cardiac survival at 5 years was 95.3±+ 1.3% (Figure 1 ). Nonfatal myocardial infarction during the follow-up period occurred in 18 patients. Freedom from cardiac death or nonfatal myocardial infarction, including in-hospital events, was 71.5+2.5%. An additional revascularization procedure after the failed PTCA and index CABG was performed in 28 patients. Seventeen patients had an additional PTCA, six had a repeated CABG, and five patients had both procedures. During the follow-up period, 34 patients experienced either postdischarge cardiac death, myocardial infarction, or repeat CABG; freedom from this combined outcome was 69.9+2.6%. Combined event-free survival including subsequent repeat PTCA was 67.9+2.7% (Figure 1 ). The most common event was in-hospital myocardial infarction; thereafter, these cardiac events occurred at a relatively linear and much less rapid rate. Actuarial 5-year survival for the patients who had CABG surgery performed with ongoing myocardial ischemia was 93.0+1.9%. There were 20 deaths in this group, seven noncardiac and 13 cardiac, resulting in a cardiac survival of 93.0±1.9% (Figure 2 ). During the follow-up period, there were 16 nonfatal myocardial infarctions. Freedom from cardiac death or nonfatal myocardial infarction was 65.6±3.0%.
The event-free survival for the patients who had a failed PTCA and subsequent CABG surgery without ischemia is depicted in Figure 3 . There were three cardiac deaths in this group, of which one occurred in-hospital. Two additional noncardiac deaths occurred during the follow-up period. At 5 years, freedom from cardiac death was 96.2±2.2%, and freedom from the combined outcome of cardiac death or nonfatal myocardial infarction was 93.8±2.7%. The major difference between the curves in Figure 3 and Figure 2 is the much lower rate of in-hospital myocardial infarction.
The variables listed in Table 4 were analyzed as correlates of in-hospital and late mortality ( Table 6 ). Three of these variables were significant univariate and multivariate correlates of a cardiac death that occurred either in-hospital or during the follow-up period: occurrence of a postprocedural Q wave myocardial infarction, age greater than 65 years, and female gender. By grouping the two most powerful FIGURE 1. Five-year cumulative survival in 430 patients who had failed elective percutaneous transluminal coronary angioplasty (PTCA) and underwent coronary artery bypass graft (CABG) surgery. End points include cardiac survival (Cardiac Death); cardiac death-and myocardial infarction-free survival (Death or MI); cardiac death-, myocardial infarction-, and CABG-free survival (Death, MI or CABG); and cardiac death , myocardial infarction-, CABG free-, and repeat PTCA-free survival (Death, MI, CABG or PTCA).
correlates, we were able to define the 5-year cardiac survival of four subsets (Figure 4) . The group at low risk for a cardiac death over 5 years consisted of 258 patients less than 65 years of age who did not have a postprocedural Q wave myocardial infarction. The 5-year cardiac survival in this subset was 97.5 1.3%. The high-risk group was composed of 21 patients who were older than 65 years and sustained a Q wave myocardial infarction. Their 5-year cardiac survival was 62.3±13.3%. In the two groups that had only one of these two independent risk factors, the 5-year cardiac survival was similar and varied only slightly from the low-risk group.
The correlates of both acute (Table 5 ) and longterm (Table 6 ) survival were similar and include the occurrence of postprocedural Q wave myocardial infarction and gender. Age of 65 years or older was the only significant correlate of cardiac death after hospital discharge. In 423 hospital survivors who were followed up, there were 10 late cardiac deaths; four occurred in 325 patients less than 65 years old and six in 98 patients 65 years old or older. The 5-year cardiac survival of those discharged was 98% in those less than 65 years old and 91% in those 65 years old or older (p=0.003).
The variables listed in Table 4 were analyzed as potential correlates of the combined outcome of an in-hospital or late cardiac death or nonfatal myocardial infarction. Results of this analysis are shown in Table 6 . Three variables were found to be significant univariate and multivariate correlates of death or nonfatal myocardial infarction: ischemic status before CABG surgery, multiple-vessel disease, and pre-PTCA diameter stenosis less than 90%. The relative protection against events from more severe pre-PTCA stenosis may 2.5 Time in Years reflect protection of collaterals. The difference in survival for the combined outcome of cardiac death or nonfatal myocardial infarction grouped by the presence or absence of ischemia during transport to CABG surgery is shown in Figure 5 . Freedom from these FIGURE 4. Cumulative 5-year cardiac survival in total population grouped by the presence or absence of two independent correlates of cardiac death: postprocedural Q wave myocar--1l---l l-dial infarction (MI) and age more than Discussion This study examines the immediate and late clinical outcomes of 430 patients in whom elective PTCA failed and CABG surgery was performed. For the entire study period from 1980 through 1986, the referral rate for surgery was 5.9%, with 4.8% having surgery with and 1.2% without myocardial ischemia.
The 4.8% referral rate for CABG surgery with myocardial ischemia compares with the rates of 2.7-13.5% reported by others.7-14 From 1977 to 1981, the National Heart, Lung, and Blood Institute (NHLBI) Registry reported a 5.8% emergency and 20.7% elective CABG surgery rate. In the "new" NHLBI Registry, which enrolled patients during 1985 and 1986, these rates had fallen to 3.4% and 2.2%, respectively.22 It is important to consider the reason for these differences.
The rate of CABG surgical referral after failed elective PTCA reflects the era in which the procedure was performed, experience of the PTCA operator, and sensitivity to refer patients for surgical revascularization. By any criteria, the recent technological advances in PTCA equipment allow more distal, complex, or "high-risk" lesions to be approached and dilated. 23 The importance of the "learning curve" has been emphasized previously and underscores the role experience plays in patient selection, technical operator skill, and management of complications. 24 The point at which one determines that the PTCA procedure is a failure and surgical revascularization is necessary varies among PTCA operators and reflects a dynamic interplay between the patient and the PTCA and surgical operators. Reluctance to transfer patients for surgery will reduce overall surgical rates but may well expose patients to the complications associated with prolonged myocardial ischemia and infarction. A low threshold for sending a patient to surgery after an unsuccessful angioplasty will increase the surgical rate and perhaps also increase the inherent complications associated with CABG surgery. However, this also may reduce the frequency or limit the severity of myocardial ischemia and infarction.
In this series of operated patients, the in-hospital mortality was 1.4% in the entire group and was not statistically different between the ischemic and nonischemic populations. The variables correlated with an in-hospital death included the occurrence of a postprocedural Q wave myocardial infarction, the presence of multiple-vessel disease, and female gender. These features differ slightly from those previously noted to be associated with a fatal in-hospital outcome. Killen et all' noted five univariate correlates of operative mortality: emergency CABG surgery, intractable cardiac arrest before surgery, number of diseased vessels, prior CABG surgery, and preoperative cardiogenic shock. Three of these variables (emergency CABG surgery, intractable cardiac arrest, and preoperative cardiogenic shock) are linked and would likely be associated with the development of a postprocedural myocardial infarction should the patient survive. The poor outcome after CABG surgery in women and patients with poor left ventricular function has been documented previously. 25 In the previously cited study,1' there was a trend toward increased mortality noted in women and patients more than 70 years old. The increased operative mortality in females may reflect their smaller body size, the caliber of vessels that can be bypassed, or other poorly understood differences. 25 Compromised left ventricular systolic function before the occurrence of failed PTCA has been associated with worse immediate and long-term prognosis.26 That the ejection fraction lacked prognostic value in this study may reflect a relatively narrow spectrum of ejection fractions.
Nonfatal myocardial infarction or death correlated with preoperative ischemic status, pre-PTCA diameter stenosis, and the presence of multiple-vessel disease. As expected, CABG surgery with ischemia was strongly associated with the development of myocardial infarction. The increased risk of infarction associated with stenoses less than 90% in diameter may reflect a lack of protective collateral development.27
Long-tern Follow-up Status
Adverse outcomes in this series were heavily clustered around the initial hospitalization, with few late events. Although the hazards of comparing results of differing treatment strategies in different studies are well recognized, it is important to consider the results of this study in light of previously reported series. Killen et all1 reported a total 4-year survival of 91% in patients with a failed PTCA and subsequent CABG surgery. The current study noted a 95.3% cardiac survival at 5 years. Two variables were correlates of both acute and long-term survival: a postprocedural Q wave myocardial infarction and gender. Age was a correlate of late mortality and the only significant correlate of long-term mortality in shortterm survivors. In patients less than 65 years old, the 5-year cardiac survival was 98%, and in those 65 years or older, it was 91%.
Comparison with survival in other studies also reveals important features. In the randomized portion of the Coronary Artery Surgery Study (CASS), which enrolled only patients with stable angina pectoris, the cumulative 5-year survival in those with one-vessel disease and ejection fractions more than or equal to 50% was 96% in patients randomized to surgical management and 95% in those treated medically.28 With PTCA, the 5-year cardiac survival of patients who entered predominantly with unstable angina pectoris, proximal one-vessel disease, and normal left ventricular function was 98%. 3 In another study of patients entered into the nonrandomized CASS registry and treated medically, the cumulative 5-year mortality was 10%, and in those with proximal one-vessel disease, the 5-year mortality was 20%.29 When our results are compared with these studies, it appears that despite the failed PTCA procedure, there is minimal negative effect on long-term survival as long as the patient undergoes prompt successful surgical revascularization and does not develop a Q wave myocardial infarction.
Conclusion
In an experienced large-volume center from 1980 through 1986, 5.9% of patients underwent CABG surgery after failed elective PTCA, and 4.8% required surgical revascularization with ongoing myocardial ischemia. In this series, correlates of an in-hospital mortality included the occurrence of a postprocedural Q wave myocardial infarction, female gender, and multiple-vessel disease. In-hospital and long-term cardiac death was noted to be associated with the occurrence of a postprocedural Q wave myocardial infarction, age more than 65 years, and female gender. This report shows an increased infarction rate for those patients who have failed PTCA and receive emergency CABG surgery with ongoing ischemia compared with those who have surgery without ischemia. Furthermore, patients who have a perioperative myocardial infarction have a decreased 5-year survival.
Therapies for failed PTCA must focus on the reduction or prevention of myocardial ischemia and infarction. Strategies to stabilize or reverse myocardial ischemia before transport to CABG surgery may improve immediate and long-term outcome after failed PTCA. Application of these strategies in elderly patients, in women, and in patients with reduced myocardial function may be especially important.
